
Thirty-one years is a long time for 
an instrument to t>e on the market. 
Imagine intro<iueing an instrument now 
that will still l)e in a catalog dated IlKlo! 
Although the Type 544 Megohm Bridge 
has IxH'n modificHl o<*casionally, it is still 
basically the same instrument that it 
was in 193^^,*-* and it is still a popular 
item. The kmgevity of this “circuit 
classic “ may be some siirt of record, 


and is a tribute to its design and its 
designer. 

This instrument is a self-contained 
Wheatstone bridge system, which uses a 
vacuum-tube detector to achieve the 
sensitivity necessary for the measure¬ 
ment of high resistances. While there 

' R. F. Field, “Bridite + Vacuum Tube ■■ Mecohm Me¬ 
ter," Oencrol Radio Bxpenimenitr. 8, 1 and 2. Juoe-July 
1933. 

*R. F. Field. "Tlie Meictihni Hnd<e." i6«d.. 12. 2. July 
1937. 




Figure 1. Ponel view of the Type 
1644-A Megohm Bridge. The Flip- 
TiH cote permift the ponei to be 
petitioned at any detired ongie. 
Intet thowt the older Type S44-B. 
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hasn’t l)eon much change in the Wheat¬ 
stone bridge in over a h\indred years, 
except for improvements in the resistors 
used, there have certainly been ad¬ 
vances in electronic circuits, wliich are 
used in the detector and voltage source. 

In the new Type 1(>44-A Megohm 
Bridge (I’igure 1) these advances have 
made practi<*al these major improve¬ 
ments over the (‘arlier Type 544: 

1. Wifler resistance range, extended 
three decades higher and two decades 
lower to give a total of 10 ranges, which 
cover 10^ and 10’^ ohnas. 

2. Better accuracy: now 1% to U)‘^ 
2% to 10*’*, and 10% to 10*^ ohms. To get 
this accuracy at high re.sistances would 
have been difficult with the single¬ 
tube detector of the older instnim(*nt. 

Seven internal test voltages, 10 
volts to 10(K) volts in 1-2-5 steps. Any 
other voltage in this range can be 
obtained with just one external resistor. 
Measurements at these lower test volt¬ 
ages are made possible by the more 
sensitive detector. 

4. A AR% dial for measurements of 
differences as small as 0.1%, for volt¬ 
age- and temperature-coefficient inves¬ 
tigations. and for precise comparisons 
against external resistance standards. 
These uses also require the high sensi¬ 
tivity of the new detector circuit. 

5. A UK):I minimum ratio between 
the ratio-arm resistor and the unknown 
as compared with 10:1 in the older in- 
.strument. This results in several ad¬ 
vantage's: 'rhe voltage on the unknown 
clianges by only 1 % over the dial range 


instead of by 10%; the ratio-arm resis¬ 
tor has a maximum of only 10 volts 
applied, so that its change with voltage 
is negligible; a lower-resistance ratio 
arm can be used on any given range, 
which, in several cases, permits use of a 
more stable resistor; and the lower re¬ 
sistance results in a shorter time con¬ 
stant when capacitor leakage resistance 
is measured. This extra factor of 10 in 
“bridge ratioresults in a 10-to-l lo.ss 
in bridge sensitivity, but is more than 
made up for by the improved detector. 

<). A new intenial self-calibration 
circuit permits checking of the resist¬ 
ance of the wire-wound and metal-filra 
ratio-arm resistors and adjustment of 
the carbon-film types used on the three 
highest ranges. 

As is apparent from the photographs, 
the styling is changed. The new Flip- 
I'ilt case allows the panel to l>e tilted 
at any angle for the maximum con¬ 
venience and comfort of the operator 
and provides a protective cover during 
transportation or storage. 

CIRCUITS 

The Bridge 

The basic bridge circuit. Figure 2. 
is familiar to anyone who has taken 
fre.shman phy.sics. It differs from the 
simple Wheatstone bridge circuit in 
two ways: T-networks are u.sed in the 
ratio arm, Rst on the top ranges, and 
a AR% adjustment can be inserted in 
the fixed arm, /?/•. One should also note 
that the main adj\istment arm Rx is 
the arm opposite the unknown, so that 
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Figure 2. Botic bridge circuit. 


its value is invers(*ly proportional the 
resistance measured. As a n*sult, the 
H dial extends to inlinity as Rx goes 
to zero. 

Ten ratio-arm resistors are used to 
obtain the ten n^sistance ranges. The 
five lowo.st-valued resistors are wire- 
wound and the next tw^o are ^<j% metal- 
film units. The top three ranges use 
high-n*sistanee earlKHi-lilm typ<*s. which 
are neither so precise nor .so stahh* and. 
therefore, have trimming adjustments, 
which can Ik* set precisely by m(*ans of 
the internal self-calibration circuit. 

The T-networks that nuike up the 
ratio arms on the tw'o highest ranges 
allow the usi* of relatively low-valued 
resistors to obtain very high effective 
n*sistance. For those who have forgot¬ 
ten the V-A transformation, ligure 3 
will indicate how this is accomplished. 
If Hi and Ri are large and Rt is small, 
the 0 (|uivalent value of Rr can Ik* very 
large, 'the other n\sistanc(‘s of the 
e(iuivalent A network fall across either 
the adjustable arm, R\, w'here the re¬ 
sulting error is negligible if values are 
properly chosen, or acro.ss the detector, 
which results only in a loss in sensitiv¬ 
ity. One advantage of this network over 
single resistors is that the low-resistance 
units an* more stable; their use also 
keeps the bridge output impedance 


n'asonably low* to mluce capacitance- 
pickup and lime-<*onstant eff(*cts. 

The main R adjustment, Rx, is 
the familiar cam-adjusted, win*-wound 
rheo.stat used in all our F'o bridges. 
The winding mandrel of this unit is 
shaped to give a logarithmic dial scale 
over a 10:1 range for constant percent¬ 
age accuracy. 

The Rr arm is fixed unle.ss the AU% 
sw'itch is push(*d, in which case a rheo¬ 
stat is inserte<l to give a rfc o% adjust¬ 
ment for the measurement of small 
resistance differences. I'his switch has a 
spring return s<j that the rheostat can¬ 
not 1)0 unintentionally li'ft in the circuit 
where it could cause an erroneous rea<l- 
ing on the main dial. 

The junction of the Rx and Rr arms 
is brought out to the front panel as a 
guard point for measuring three-ter¬ 
minal systems. This is particularly ust*- 
ful for m<*asurements on very high 
resistances, where guarded shields are 
nece.ssary to avoid lM)th leakage across 
the unknown and capacitance-pickup 
effects. Resistance from th^-f- i x- 
KNOWN terminal to the (iu.\KD terminal 
shunts the detector and causes no direct 
error although it will, if low enough, 
reduce the detector sf*nsitivity. Re.sist- 
ance from the — r.VKXowN terminal to 
the (Ji AUD terminal shunts Rr and will 
cause an error if it is Ik»1o\v oO megohms, 
whic-h is n*lativcly low compared with 
the values measured on this bridge. 
I'he guard will always tol(*rati* the 
leakage resistance of shieldeiJ wires or of 



Figure 3. Delta-wye transformation. 
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a.nything that ran Ik* legitimately called 
insulation. 

The Detector 

The key to high-n^sistance measure¬ 
ments is high detector sensitivity and 
high detector input resistance. As noted 
alsive, other features can be traded for 
sensitivity but only if the sensitivity Is 
ude(|uate. The detec‘tor i‘ircuit used Is 
shown (simplified) in f igure 4 for cir¬ 
cuit enthusiasts. The input stage is a 
suhininiature electrometer tube; this 
puts the input resistance up in the 
lO’^-ohm range and keeps the grid cur¬ 
rent negligible. The subminiature tube 
that follows the electrometer reduces 
the impedance level so that two 
transistors van be used to complete the 
feedback loop. The feedback is re- 
turiK'd to the screen grid of the elec¬ 
trometer, and the zero controls are also 
connected to this point. 



Pigur* 5. Schemofic of III* high-voltog* tupply. 


The input tube is preceded by an rc 
filter to reduce the amplitude of ac 
signals, particularly hum, that might l)e 
pi(!ked up on the leads to the unknown 
resistance. A neon tul>e and the follow¬ 
ing 100-megohm resistor limit the grid 
current that could be drawn if high 
voltage were inadvertantly applied to 
the detector. The amplifier output 
drives a null-detector-type meter. 

The sensitivity of the detector of the 
Type 1044 Megohm Bridge is over 200 
times that of the Type o 44. With well- 
aged tubes it can hold 100 microvolts 
for long ptiriods, and voltage differences 
down to 10 microvolts can be detected 
with care. 

The High-Voltage Supply 

While the high-voltage supply rtv 
quires a vacuum tut^e as a series regu¬ 
lator, the use of transistors and Zener 
diodes makes practical the flexible cir¬ 
cuit outlined in Figure 5. Here one 
resistor, /?, controls the output voltage 
because the controlling bridge is bal¬ 
anced only for a given fixed current. 
This makes adjustment easy both in¬ 
ternally and by external resistance. 

This regulator has a typical regula¬ 
tion factor of 1000, can be shunted 
without damage, and is current-limited 
to approximately 8 milliamperes on the 
higher voltage ranges. A current of 
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thw magnitude can U* painful, but Is 
not generally considered dangerous.* 

APPLICATIONS 

Resistance 

The most obvious application is the 
measurement of high-valued resistors, 
but the procedure for this measurement 
is so simple and straightforward it 
hardly recpiires mention. However, the 
use of the AU% dial for measurements 
of small differences in resistunce is of 
inten‘st to those making voltag<* or 
temperature-coefficient measurements. 
The bridge is close to ideal for the 
former l^ecause of its wide voltage 
range, detector sensitivity, and resolu¬ 
tion of better than 0.1% on the AU% 
dial. FLxamples of .:Hl% vs voltage for 
several resistors are shown in Figure (i. 
Tem|K‘rature-coefficient measurements, 
of course, retjuire a test chamln'r, 
and here the gu.\kd terminal is most 



Figure 6. Veltoge-ceeHicienf doto at meatured 
on the bridge for two types of carbon resistors. 


Figure 7, Adjut- K) Mil 

l-bl. 
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ttondord cover* 

WA—O 
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i^OTD lOMA 

100 megohmt to ^ 

' TYPE I43K 




useful to permit the use of shielded 
leads. 

An interesting use of the AR% dial 
is in precision substitution me^isure- 
ments with e.xternal wire-wound stand¬ 
ards. One may well ask where to Hnd 
wire-wound standards in the gigaohm 
mnge. We make and sell two-terminal 
wire-wound resistors up to 10 megohms 
(Type 'tOO-ZZ), and, with the aid of the 
Y—A transformation (Figure 3), one 
can easily make 0,1%, wire-wound, 
three-terminal resistances up to high 
teraohm ranges. A handy adjustable 
resistance standard, shown in Figure 7, 
covers the range from 1(K) megohms to 
1 teraohm (|uite nicely. Unfortunately, 
there are limitations. The equivalent 
resistance to guard on one side shunts 
the Rr arm of the bridge, effectively 
changing its value, but thU error can 
easily be accounted for in the calibra¬ 
tion relationship lx?tween the decade- 
l)ox setting and the e(}uivalent resist¬ 
ance. The other resistance to guard 
shunts the detector, causing a reduction 
in sensitivity at very high values of 
e(piivalent resistances. Thus, it takes 
KMK) volts applied for easy balance to 
0.1%, when the T-nctwork of Figure 7 
is adjusted to give an ecpiivalent 100 
gigaohm.s. 

Insulation Measurements 

The extended range of the new bridge 
is necessary for studies of many of the 
newer insulating materials. The guard 

* F^win Schert4sr, **Prpveotifm of Elfsctric Shock Uaiard 
M n Basic Design Coosiileration,” Klrctrieal Manu/actur- 
ing, January, IVGO. 
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Pigwr« I. Laokog* r*ti«fanc« pf t«v*rol »*micondwctor d«vic«« ot m«a«ur*d on the megohm bridge. 
Key: 

(1) 2N442 50-w Oe tronsieter (older type), fctO (5) 1N3493 SI rectifier (200 v), bock retitfonce 

(2) 2N1540 90-w Oe frontlttor, Rcao (6) 1N3256 Si rectifier (800 v), bock retittonce 

(3) 2N1304 Smoll Oe trontUtor. (o) RcfO, (b) RcfS, (7) 2N2714 Si trontietor. (o) fcfO. (b) RcfO 

(c) Rcao (i) IN 1298 Si diode, bock resittonce 

(4) IN118 Ge diode, bock retittonce (9) 2N2218 Si trontittor, (o) RcfO# (b) Rcao 

(10) 1N300 Si diode (telecfod), bock retittonce 


is n*quired for the standard astm elec¬ 
trode urrangemenU for l)oth surface- 
und volume-resistivity measurements 
on insulation samples, and likewise it is 
often necessary to ‘‘guard out’* alter- 
naU* leakage paths in order to measure 
a particular piece of insulation in eom- 
ple.x switch gear or machinery. The 
ability to makt* measurements with the 
unknown grounded as well as un¬ 
grounded finds application when meas- 
un^mtuits must Ik* made to a groundeii 
case or frame. The wider choice of volt¬ 
ages should permit measurements under 
conditions closely appro.ximating those 
of normal operation, and the l()(K)-volt 
U'st voltage probably will find some 
use in hi-pot testing. 

One should note that, while a bridge 
measurement in contrast to a megohm- 
m<*ter measurement * requires a balanc¬ 
ing adjustment, one can use the bridge 
for limit testing by setting the dial to 

• II. I*. 11*11, "RcdMtcnvti M(i(r»hniinetcr Simpliltm in* 
■uUtion-KmiatAQre Mmaurnnimit.** (Jmeral Rpdt» Ej~ 
ptrtmrntrr. XJ. 7. July ttm3. 


the test limit and noting only the direc*- 
tion of the unbalance on the meter. 

Leakage Resistance Measurements on 
Capacitors 

An important application for a meg¬ 
ohm bridge is the measiin*m(‘nt of the 
leakage resistance of capacitors, and 
several features an* included in the new 
design for this application. The* charg¬ 
ing circuit can charge I microfarad to 
1(K)() volts in less than a second, indi*- 
pendent of the resistance range setting; 
the discharge circuit is much faster. 

The high-voltage supply is well regu¬ 
lated to minimize the coupling of line 
transients to the detector, and the high 
bridge ratio and use of T-networks 
result in shorter time constants for the 
combination of the unknown capacitor 
and the bridge output resistance. In 
extreme casc*s, when very-low-leakage, 
high-capacitance units are measured or 
when large dielectric absorption is pres- ^ 
ent. this typi* of mea.surement becomes 
tedious to make with a bridge, but 


6 
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^ those who have made such measure¬ 
ments realize that it is tedious with any 
type of test circuit. 

Semiconductor Meosurements 

A relatively new application for a 
megohm bridge is in the measurement 
of the leakage characteristics of semi¬ 
conductor devices. The lower test volt¬ 
ages of the new* bridge permit measure¬ 
ment on transistors an<i diodes that 
would not tolerate the 1(X) volts sup¬ 
plied by the older bridge. Note that the 
range of the bridge easily covers the 
back resistance of low-leakage silicon 
types as wxdl as germanium units whose 
resistance is many orders of magnitude 
lower (Figure 8). The measurement of 
thes(' devices is straightforward and 
simple, but the interpretation of the 
shape of the curves is more subtle and 
^ is left to the reader. Note, however, 
that these devices have a positive 
voltage coefficient, wffiile resistors have 
a negative one. 



Fiflwr* 9. The Flip-TiH cot* conipM«ly ep«n 
{righ) and clotad for corrying 


General 

This now’ bridge with its many fea¬ 
tures is designed to meet prc\sent-day 
reejuirements for high-resistance meas¬ 
urement. Its range, accuracy, choice of 
test voltage's, and ease of operation 
make it suitable for a wide range of 
applications in the design, production, 
test, and maintenance of electrical and 
electronic products. 

— Henry 1*. H.\ll 


SPECIFICATIONS ^ 

RacUtonca Range: I kilohm to 1000 tcraohms ^R% Dial: ± 5% range; accurate to ± 0.2% 

(10* t(» 10** ohms) in ten decailc rangcH. or, for small changi’H, to ± 0.1%. 


Accuracy: 10* to 10** ohms*, ±1%. 

After Didf-calibration: !()*• to 10“ ohiiiR, 
dr 1%; 10«, ± 2%. 

10‘‘ ohins, ± 10%, 

10“ ohina, ± one scale division. 

Ttcl Voltaga: 

Fired VolUtgeM lOj 20| 50| lOOj volts 

Minimum Renstanre ll 31 7 1 2ol kilohms 
for Unknown 

Fixeti Voltagrn 2001500110001 volts 

Minimum Reiti^tance 5o|l5o| 5(N)| kilohms 
for Unknown 

Voltage accuracy is ±3% ±0.5 volt. 

Short-Circuit Currant: < 1.5 miliiam|)ereH at 10 to 
50 volts; < 10 niilliamperes at 100 to KKX) volts. 


Minimum Tact VoHaga for 1% RatoluHon: (for 
approximately 1-mm meter deflection). 


M uUipiier 
Setting 

Max 

Volt* 

100 Cl or less 

10‘» 

10 

1(K)(; 

10»> 

UK) 

1 T 

10»» 

200 


Powor Raquiramentc: 105 to 125 (or 210 tO 250) 
volts, 50 to 60 cps, 13 watts. 

Cobinat: FlifvTilt. 

Dimansiont: Width I2f^, height 12)^, depth 7*<| 
inchi*s (;{25 by 320 by 200 mm), over-all; with 
ca,se close<i and including handle. 

Nat Waight: IS |M)Unds (8.5 kg). 

Shipping Waight: 22 |>ounds (10 kg). 


Tm 1 

1 1 

1 Frice 

1644-a| 

1 Magahm Bridge | 

1 $62S.OO 
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AC POWER SUPPLY FOR 

THE VIBRATION METER 

The Types lo53-A and — AK V'ibra- 
tion Meters, which are normally bat¬ 
tery operated, can Ik* converted to 
power-line operation with the new Type 
1262-0 I’ower Supply. 

This convenient ac power pack can 
lie attachcni to the Flip-Tilt case of 
the vibration meter, as shown in the 
photograph. Price: $135.00 


SPECIFICATIONS 





Filament 

Plate 





Frequency 

Watts 

Supply 

Supply 


Set 

Shipping 

Volt* 

cpM 

volts 

ma 

tmts 

ma 

Dimensions 

Wright 

Weight 

105-125 

50-400 

3 

#1 1.3 

31 

4.5 

61 

7% X 9V4 

3VS lb 

8 lb 








195-250 

50 

6 

#2 1.3 

31 

4J 

61 

X 314 inches 
(200 X 235 X 

(1.2 kg) 

(3J kg) 




#3 1.3 

11 

4.5 

61 

63 mm) 




COAXIAL U-LINE SECTION 

The U-Une Section is, as its name implies, a section 
of coaxial line in the shape of the letter U. It is supplied as 
an accessory with our Type 1607-A Transfer Function and 
Immittance Bridge, but is also a useful component in many 
coaxial line set-ups. In response to many recpiests, w^e 
are now making it generally available. Price: $25.00 



RELAY-RACK MOUNT FOR THE TONE-BURST GENERATOR 


The Type 1396-A Tone-Burst Gener¬ 
ator, described in the May, 1964, issue 
of the Experimenter^ can be adapted for 
relay-rack mounting through the use of 
panel extensions, as showm in the ac¬ 
companying photograph. Panel height 
is inches. 



Order Type 480-P308 Adaptor Plate 
Set. Price:$7.00 


ERRATA — The following errors have been noted in our June issue: 
JUNE ISSUE Page 11, line 11: /?< should be Q^. 

Page 11, Figure 13: transistor should be lal>elled Qa. 

Pages 3 and 14: Figures 2 and 20 are tran.sposed. 

8 General Radio Company 

...... 
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